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Section A
Answer at least two questions from this section.
(a) Define the terms () isotope,
(i) isotopic mass. [2]

(b) (i) Give the symbols (showing the nucleon numbers and charges) of the following three

particles.
particle protons neutrons electrons
P 6 8 6
Q 7 7 10
R 8 7 7

(i) Use the Data Booklet to identify which are not the usual isotopes of the elements
concerned. [6]

(c) A plasma is a gaseous mixture in which the atoms have been completely stripped of their
electrons, leaving bare nuclei. Because of possible use in controlled nuclear fusion reactions,
plasma behaviour has been intensively studied. When passed between two plates carrying a
certain electric charge, H and *He nuclei are deflected as foliows.

[ 1
I
source

Giving reasons for your answers, suggest

(i) the polarity {(+ or —) of plate A,
(i) why 'H is deflected twice as much as “He,

(iii} the angles of deflection of I 2H nuclei,
I 3He nuclei. [4]
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Carbon dioxide is used as a coolant gas in some nuclear reactors. Unlike hydrogen or helium,
carbon dioxide shows marked deviations from the ideal behaviour that is predicted by the kinetic
theory of gases.

(a)

(b)

(c)

State two assumptions of the kinetic theory, and use these to explain why you might expect

the behaviour of carbon dioxide to be less ideal than that of hydrogen. (3]
Under what conditions of temperature and pressure would you expect the behaviour of
carbon dioxide to be most like that of an ideal gas? [2]

The volume of 1 mol of carbon dioxide was measured at various pressures but at a constant
temperature of 285 K. The following results were obtained.

pressure, p volume, V pressure x volume, pV
{Pa /m3 /m®Pa
4.0x10° 5.80 x 103 2320
8.0x 10° 2.85x 102
15.0 x 10° 1.46 x 102
20.0x 10° 1.07 x 1073

(i) Complete the calculations for the third column and use these data to plot a graph of the
product pV against pressure p.

(ii) State how the value of the product pV should change with pressure for an ideal gas.

(iii} Use the graph to calculate the volume of 1 mol of carbon dioxide at a pressure of
10 x 10° Pa. Calculate the volume at 285 K that the ideal gas equation predicts for this
pressure and comment on the difference between two values. (7]
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(a)

(b)

(c)

4

Magnesium fluoride, MgF,, is a solid of high melting point (1261 °C) whereas sulphur
difluoride, SF,, is a gas. :

(i) Suggest how these two fluorides differ in their bonding and suggest a reason for this
difference.

(ii) Draw dot-and-cross diagrams (outer shells only) to show the different electron
arrangements in the two compounds. [5]

Using the following data, and relevant data from the Dafa Booklet, construct a
thermochemical cycle to calculate the enthalpy change of formation of MgF.,.

Include state symbols in your cycle.

value /kJ mol!
lattice energy of MgF,(s) -2957
electron affinity of fluorine (F(g) — F(g)) -328
enthalpy change of atomisation of magnesium , +148 [5]

The compound SF, readily reacts with fluorine to give SF,. Suggest reasons why MgF, does
not react with more fluorine to give MgF ,. 2]
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Section' B

Answer at least one question from this section.

(a) State the electronic configuration of the chromium atom, and predict two of the likely

oxidation states of chromium. 2]

{b) Use the Data Booklet to predict the outcome of mixing acidified agqueous potassium

(c)

dichromate(VI) with

(i) aqueous iron(Il) sulphate,

(ii) aqueous potassium iodide.

In each case, calculate the £2, for the reaction and write a balanced equation. [4]
When an iron sheet is made the anode during the electrolysis of very concentrated aqueous
potassium hydroxide, an anion containing iron in a high oxidation state is formed in solution.
The addition of an excess of barium nitrate to this solution precipitates a red solid having the
following composition by mass:

Ba, 53.3 %; Fe, 21.7 %, O, 24.9 %.

(i) Calculate the empirical formula of the red solid and the oxidation number of the ironin it.

(ii) After a current has been passed through the solution for some time, the addition of
barium nitrate produces 1.00 g of the red solid. Calculate how many moles of red solid
are formed, and hence calculate how many coulombs of electricity were needed. [8]

Sulphur forms two oxides, SO,, and 803.

(a)

(b)

(c)

By considering both bonding and non-bonding electrons, suggest shapes for these two
simple molecules. 2]

Sulphur trioxide is a key intermediate in the production of sulphuric acid from sulphur in the
Contact process.

Describe the reactions by which it is formed and explain how it is converted into sulphuric
acid in the later stages of the process. Write equations where appropriate and explain why
the particular conditions are used. [6]

Gardeners sometimes fumigate their greenhouses to rid them of pests and moulds by
burning a sulphur ‘candle’. A gaseous concentration of sulphur dioxide of 50 ppm (parts per
million} by volume is effective.

Calculate how many grams of sulphur a gardener needs to burn in order to produce a

concentration of 50 ppm of SO, in a greenhouse that measures 2m x 3 m x 4 m.
[Volume of 1 mol of gas = 24 dm® (0.024 m3) atrt.p.] [4]
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Section C

Answer at least two questions from this section.

Hex-3-ene occurs in two isomeric forms but cyclohexene occurs in only one form.

(a)

(b)

(c)

(d)

Draw the displayed formulae of the two isomers of hex-3-ene and explain why such
isomerism is not possible with cyclohexene. [3]

Describe the mechanism of the reaction between hex-3-ene and bromine.

Your account should

» name the type of reaction undergone,

¢ state the conditions of the reaction,

« show the movement of electrons during the reaction,

« include the formulae of the product and any intermediates. (4]
Explain why the reaction of either isomer of hex-3-ene with hydrogen bromide gives the same
equimolar (1:1) mixture of two isomers of the product. [2]

The compound hex-3-en-1-ol, A, has a strong ‘leafy’ smell of newly cut grass and is used in
perfumery.

CH,CH,CH=CHCH,CH,OH
A

Suggest the structural formulae of the compounds produced when A is treated with an
excess of hot concentrated KMnO, in acid solution. [3]
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7 The compound butane-1,4-diamine, E, can be synthesised by the following route. -

I 11
HO,CCH,CH,COH  ~———— CICOCH,CH,COCI ——  C,HaN,0,

B Cc D
III
NH,CH,CH,CH,CH,NH,
E
(a) Suggest reagents for steps I and IL. {2]
(b) Name the functional group present in D and suggest its structural formula. [2)
(c) What type of reaction occurs in step III? [1]

(d) E can react with C to form a polymer.

(i) What type of polymerisation is this?

(i) Draw the displayed formula of one repeat unit of the polymer formed. [3]

(e} Compound C reacts with water much more vigorously than 1,4-dichlorobutane does.
Suggest an explanation of this and identify the organic product from C. [2]

(f) When heated strongly, B produces compound F.

O
/4
CH;,—C
\
O
/
CHZ—C\\
@]

(i) What type of reaction has occurred in the formation of F?

(i) F slowly reacts with water, giving B again. Suggest the structural formula of the
corppound that might be produced if F were to react with ethanol! rather than water. [2]
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8 The limescale that collects in kettles in hard water areas is mostly calcium carbonate. It can be
removed fairly harmlessly by a warm solution of vinegar, which contains ethanoic acid. The
limescale dissolves with fizzing and a solution of calcium ethanoate remains.

(a)

Write a balanced equation for the reaction between ethanoic acid and calcium carbonate. [1]

When the solution produced in (a) is evaporated, and the resulting solid calcium ethanoate heated
strongly in a test-tube, an organic compound G is formed which condenses to a colourless liquid.
The residue in the tube consists of calcium carbonate.

(b)

(c)

(d)

(e)

U]

When 0.10 g of G was injected into a gas syringe at a temperature of 383 K and a pressure of
1.0 x 105 Pa (1 atm), 55 cm? of vapour were produced.

Calculate the relative molecular mass of G. (2]

Compound G is neutral and water-soluble. G does not react with sodium metal nor with
Fehling's solution but it does react with alkaline aqueous iodine. Suggest a structural formula
for G. Justify your answer by reference to these properties of G. [5]

Construct a balanced equation for the formation of G by the action of heat on calcium
ethanoate. 1]

Suggest a simple one-step test you could carry out to confirm the identity of the functional
group present in G. You should give the reagent and the observation you would make. [2]

Suggest the structural formula of the organic product you might expect when calcium
propanoate, (CH,CH,CO,),Ca, is heated strongly. (1]

9254/1 800
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In an experiment, 50.0 cmd of aqueous magnesium chloride were titrated with 1.00 mol dm™
sodium hydroxide. The pH of the solution changed as in the diagram.

pH

14

13

12

11

10

Y

10 20 30
volume of 1.00 mol dm~3 NaOH(aq) added/cm?

(a) Write an equation (ionic or molecular) for the reaction between aqueous MgCl, and
agueous NaOH. Include state symbols so that any precipitation is clearly indicated.

9264/2 S00
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(b) Calculate the concentration, in moldm=3, of the aqueous MgClL,.

[1]

(¢) When 10cm? of aqueous NaOH were added,

(i)

(i)

(d) (i)

(i)

calculate the hydroxide ion concentration from the pH of the mixture,

estimate the hydrated magnesium ion concentration, assuming that it is half the
original concentration.

...................................................................................................................................

[2]
Write an expression for the solubility product, Ksp, of magnesium hydroxide.
Use your values from (c) to calculate this Ksp, including the units.

2]

(e) Show by calculation why the pH after the addition of 30 cm? of aqueous NaOH should
be 13.1.

(1]

[Total : 7]

For
Examiners
Use
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4
(a) The use of the Data Booklet is relevant to this question.

(i) Skétch how the first ionisation energies of the elements change from lithium to neon.

first
ionisation
energy

proton number

(ii} Give the equation that represents the first ionisation energy of nitrogen.
(iii) Explain why the first ionisation energy of oxygen is less than that of nitrogen.

..................................................................................................................................

...................................................................................................................................

(i) Draw and label the shapes of the two types of electron orbital found in nitrogen atoms.

[3]

[Total : 7]
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3  The use of the Data Booklet is refevant to this question.

Nitrogen exhibits a range of oxidation numbers in its compounds.

(a) Complete the table below which refers to possible reduction products of nitric acid.

(b) (i)

(ip)

(iii)

formula of oxidation number
product of nitrogen

NO,
N,O
NH,OH
NH,*

(2]

Copper can reduce nitric acid to NO,,. Write a balanced equation for this reaction.

...................................................................................................................................

Aluminium can reduce nitric acid to NH,*. Write a balanced equation for this
reaction.

...................................................................................................................................

Suggest a reason why the reduction products of nitric acid are different for each of
these two metals.

...................................................................................................................................

...................................................................................................................................

(c) The compound NH,OH is oxidised by Fe3+(aq), which is itself reduced to Fe?*(aq).

In an experiment, 25.0 cm?® of 0.100 mol dm~3 NH,OH required 25.0 cm? of 0.200 mo! dm™>
Fe3* for complete reaction.

(¥

(i)

(iii)

(iv)

How many moles of Fe3* react with one mole of NH,OH?

...................................................................................................................................

Which formula from the table in (a) corresponds to the nitrogen-containing product
of this reaction?

...................................................................................................................................

{Total ; 9}

For
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4  The volatite liquid Fluothane, CF,CHBrCL, is commonly used as an anaesthetic in hospitals. *

It has the advantage that it does not readily react with sodalime (which contains NaOH),
used in closed anaesthetic systems to remove the CO, breathed out by patients.

(a) Write an equation for the absorption of CO, by NaOH.

When Fluothane was being developed, it was tested to ensure it did not react with
NaOH. If it had reacted, bromide ions would have been produced.

(b} (i) Write an equation for a bromoalkane, e.g. RBr, reacting with aqueous NaOH.

...................................................................................................................................

(c) In an attempt to hydrolyse Fluothane, a mixture of Fluothane and scdalime was stirred
for an hour. It was then acidified and tested with the following reagents.

Describe what you would expect to observe if bromide ions had been produced, and
write an equation in each case.

(i) aqueous silver nitrate
OBDSEIVANION e er et e st e e e e e aee e s isa bt e s e ee s ar et ae s rarnee s e s e srareeenean
=0 1822 (o] o R PSP P PRI
(ii) aqueous chlorine
ODSEIVALION  1uiiiuiiieiieiiieeieiresisisarsserrreeeeeeesereesaeea s seasrermeraraeaasaesnssesssnasanmsnsmssnnnreenenes

L= oW (Lo o TR PP PSP

(d) The attempted hydrolysis failed to break the C-Br bond in Fluothane. It may be
confidently assumed, therefore, that the other two types of C-Hal bond in Fluothane
also remain intact when hydrolysis is attempted.

Give a reason for the confidence of this assumption.

[Total : 8]
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5 Eugenol is an important compound in many spices, e.g. cinnamon and cloves.

CH,Q

HO CH,CH==CH,

[The CH,O group is inert and can be disregarded in this question.]

(a) Explain why eugenol is more soluble in aqueous sodium hydroxide than in water.

..........................................................................................................................................

..........................................................................................................................................

(b) Draw the structures of the organic products when eugenol reacts with each of the
following reagents.

(i) cold, dilute manganate(VII) ions (if) hot, concentrated manganate(VII) ions

(iii) ethanoyl chloride {iv) aqueous bromine

(5]

(¢} Eugenol can polymerise.

(i} What kind of polymerisation can occur with eugenol?

9254/2 S00 [Turn over
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U
(i) Draw one repeat unit for the polymer of eugenol. %

[2]
[Total : 9]

6 Crude oil is largely a mixture of alkanes.

(a) Describe how crude oil is used as a source of aliphatic and aromatic hydrocarbons.

..........................................................................................................................................
..........................................................................................................................................
T B R T P PP
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

(b) Discuss how ‘cracking’ can be used to obtain more useful alkanes and alkenes of lower
M_from larger hydrocarbon molecules.

lllustrate your answers in {a) and (b) with suitable examples.

..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................
..........................................................................................................................................

..........................................................................................................................................

Quality of Language [4]

[Total : 8]
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Section A

For each question, there are four possible answers, A, B, C, and D. Choose the one you consider to be
correct.

1 Since 1850, most books have been printed on acidic paper, which eventually becomes brittle and
disintegrates. These books can be preserved by treatment with diethyizinc vapour, Zn{C,H;),,
which reacts both with acid residues and also with small amounts of water retained in the paper.

Diethylzinc reacts with an acid to give ethane.
Zn(C,H,), + 2HX— ZnX, + 2C,H,
Which products are likely to result from the reaction of diethylzinc with water?
A ZnH, + G,Hg
ZnH, + C,H,OH
Zn(OH), + C,H,
Zn(OH), + C,H.OH

O o0 m

2  Which statement about one mole of a metal is always correct?

A It contains the same number of atoms as 1 mol of hydrogen atoms.

It contains the same number of atoms as 11—2 mol of 12C.

B
C It has the same mass as 1 mol of hydrogen atoms.
D

It is liberated by 1 mol of electrons.

3 The second ionisation energy of calcium is 1150 kJ mol . |
Which of the following correctly represents this statement? ‘

A Calg) — Ca?*(g)+2e  AH" =+ 1150k mol™

B Ca*g) —— Ca?t(g)+e; AH?® = + 1150kJ mol-1
C Cat*(y) — Ca?(g)+e; AH™® = - 1150 kJ mol~!
D Cas) —— Ca?*(agq)+2e~; AH® =+ 1150kJ mol-!

925413 500
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4 The grid represents two periods of the Periodic Table, for the elements 3 to 18.

An element from one group, P, Q, R or S, reacts with an element from another of these groups to
produce a compound with a giant covalent structure.

Which are the two groups?

A PandR B QandR C Qand$s D RandS

5 Which graph is correct for a given mass of an ideal gas at constant pressure?

A B Cc D

volume
volume
volume
\
volume
\

00 = 00 < 00 >~ 00 -

temperature/°C temperature/°C temperature/°C temperature/°C

6 Phosphine reacts with hydrogen iodide to form phosphonium iodide in the reaction shown.
PHg(g) + HI(g) — PH;I(s), AH® =-101.8kJ mol™

Given that AH[ for PH,(g) = +5.4kJmol™!, and AH for HI(g) = +26.5kJmol~!, what is the
standard enthalpy change of formation of phosphonium iodide?

A -133.7 kJmol™! B -69.9kJmol™! C +69.9kdmol™? D +133.7kdmol™

[Turn over
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7 In an experiment to measure the enthalpy change of neutralisation of hydrochloric acid, 20 cm?3 of
solution containing 0.04 mol of HC/ is placed in a plastic cup of negligible heat capacity.
A 20 cm?3 sample of aqueous sodium hydroxide containing 0.04 mol of NaOH, at the same initial
temperature, is added and the temperature rises by 15 K.

If the heat capacity per unit volume of the final solution is 4.2JK™'cm™3, what is the enthalpy
change of neutralisation of hydrochloric acid?

20x4.2x15

eV A Te AW -1
A .04 Jmol “
B 40x4.2x15x0.08Jmol™ :
40x4.2x 15 » ,
C 004 J mol
20x4.2x15 1
D 008 Jmol

8 Photochromic glass, used for sunglasses, darkens when exposed to bright light and becomes
more transparent again when the light is less bright. The depth of colour of the glass is related to
the concentration of silver atoms.

The following reactions are involved.

reaction 1 Agt+Cl- = Ag+C/
reaction 2 Cut+Cl — Cur+Ci-

reacton3  Cu®*+Ag —— Cu'+Agt
Which statement about these reactions is correct?

A Cu*and Cu?* jons act as catalysts.

B Cutions act as an oxidising agent in reaction 2.
C Reaction 2 is the one in which light is absorbed.
D

Ag* ions are oxidised in reaction 1.

9254/3 S00
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1

Known amounts of hydrogen and iodine
known volume.

5

H2+I2 — 2HI

From which experimental method can K, be found?

A
B

Which statement about the effect of a catalyst on a reversible reaction is correct?

o O m

The table gives data for the reaction between X and Y at constant temperature.

measuring the total pressure in the vessel

are allowed to come to equilibrium at 500°C in a vessel of

slow cooling to 20 °C, breaking open the vessel under aqueous potassium iodide, and titrating

the icdine present with aqueous sodium thiosulphate

rapid cooling to 20°C, breaking open the vessel under agueous potassium iodide, and
titrating the iodine present with aqueous sodium thiosulphate

withdrawal of a measured sample of the equilibrium mixture, followed by complete
decomposition of the hydrogen iodide present, and then titrating the total amount of iodine

with aqueous sodium thiosulphate

It increases the equilibrium constant for the forward reaction.

It increases the yield of product in an equilibrium.

It increases the rate constant for both the forward reaction and the reverse reaction.

it increases the rate constant for the forward reaction, but not that of the reverse reaction.

[X] [Y] initial rate
experiment | / moldm™= | / moldm=3 | / moldm=3 s
1 0.3 0.2 4.0x 1074
2 0.6 0.4 1.6x 1073
3 0.6 0.8 6.4x 103

What is the rate equation for the reaction?

A

O O W

rate = k[X][Y]?
rate = k[XJ?[Y]
rate = K[XJ?
rate = k[Y]?

9254/3 S00
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12 Which property of the first six elements of Period 3 (sodium to sulphur) continuously increases
numerically? :

A atomic radius

first ionisation energy

B
C maximum oxidation number in oxide
D

melting point !

13 The graph represents the change in mass that occurs when 1.0 g of powdered calcium carbonate,

CaCQ,, is heated at a temperature, 7. “
1.0
. ¥
@ 0.5-===—========-
£
Og— T T =
time

Which graph would be obtained by heating 1.0 g of powdered magnesium carbonate, MgCQO,, at
the same temperature, 77

A B c D

14 Carbon disulphide, CS,, is a volatile flammable liquid used in the manufacture of cellophane.
On combustion, CS,, is oxidised as follows.
CS,(g) + 30,(g) — COL(g) + 2S0,(g)

A 20 em? sample of carbon disulphide vapour is ignited with 100cm? of oxygen. The final volume
of gas after burning is treated with an excess of aqueous alkali.

Which percentage of this final volume dissolves in the alkali? :

[All volumes measured at the same temperature and pressure, conditions under which CS, is a 1
gas.]

A 20% B 40% C 60% D 80%

9254/3 S00
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15 Which anions containing chlorine are formed when chlorine is passed into cold aqueous
potassium hydroxide? '

Ci~and CIO~
B CIand CiOg
C CI~and CIO;
D CiO andClO;

16 A precipitate of copper(ll) hydroxide dissolves in concentrated aqueous ammonia due to the
formation of a complex ion.

Which complex ion is formed?

[Cu(NH,),J2*
B [Cu(NH,),2*
C  Cu(NH,),(OH),
D [Cu(NH,),2*

17 The percentage of ammonia obtainable, if equilibrium were established during the Haber process,
is plotted against the operating pressure for two temperatures, 400 °C and 500 °C.

Which of the following correctly represents the two graphs?

A B c D
5 401 o a0 se0eg § § 40-
5 007" 5 5 5§ N
g 25 3 A N
4 o
8 204 , 800°C— § 20 00°C- § 820
© % © //’ © 500°0 © ‘*:.
- ; © ~ £ 2 400°C
2 00 I ) 2 0 0 I = 00 T = 00 I ]
R 10 20 ® 10 20 ® 10 20 & 10 20
pressure/10%kPa pressure/10%kPa pressure/10°kPa pressure/103kPa
18 Which descriptions of nitrogen dioxide and sulphur dioxide are correct?
property NO, S0,
A colour colourless brown
B | how formed in atmosphere | from burning fossil fuels from car exhausts
Cc how prepared burning element in air | heating appropriate Group |l salt
D use in food technology not used as a preservative

925413 500 [Turn over




19 Benzene reacts with chlorine as shown.
CsHs + Cly— G H.Cl + HCI
Which term describes this type of reaction?

A electrophilic substitution

B free-radical substitution
C nucleophilic addition D
D nucleophilic substitution ' B

20 The substances shown can be present in the exhaust fumes of a car engine.
Which substance could contribute to ‘acid rain'?

A CO B C,H, C NO D PbO

21 Samples of the gases CH,C! and Cl, are mixed together and irradiated with light.
Which compound is produced in trace amounts by a termination stage in the chain reaction?

A HCi B CHy=CH, € CH,CICH,CI D CH,CH,

22 Some chlorobutanes were separately treated with hot ethanolic sodium hydroxide. Two of these
gave the same hydrocarbon, C,H,.

From which pair of chlorobutanes was this hydrocarbon obtained?

A CH,CH,CH,CH,CI and CH,CH,CH,CHCL,
B CH,CHCICHCICH, and CICH,CH,CH,CH,C!
C  CHLCH,CH,CH,Cl and CICH,CH,CH,CH,C!
D CH,CH,CH,CH,C!and CH,CH,CHCICH,

9254/3 800
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23 Which compound gives an acidic solution with water?

24

25

A CH4CH,CH,CHO
CH,
B CHS—CI:—OH

CH,

c @CH(OH)CHS
D CH3@OH

Two female sex hormones are oestrone and oestradiol.

0 OH
CHg| CHj
HO : I HO
oestrone oestradiol

Which reagent can be used to distinguish between the two hormones?

A Bry(aq) at room temperature

B 2,4-dinitrophenylhydrazine reagent
C Fehling’s reagent

D 1, in NaOH(aq}

Which procedure gives the best yield of ethyl ethanoate, CH,CO,C,H;, starting from ethanoic
acid, CH,CO,H, and ethanol, C,H;OH?

A reacting CH,CO,H with SOCI,, then adding C,H;0OH

B reacting C,H-OH with SOC/,, then adding CH,CO,H

C refluxing a mixture of CH,CO,H and C,H;OH with NaOH(aq)

D refluxing C,H,OH with concentrated H,SO,, then adding CH,CO,H
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26 Citric acid, which causes the sharp taste of lemon juice, has the following formula.

What reacts completely with 1 mol of citric acid?

A 3 mol of PCls(s)

4 mol of HCI{g)

4 mol of Na(s)

4 mol of NaOH(aq)

o O o

27 The structure of the herbicide Karbutilate may be represented as shown.

i

|
H

O

0O

|
C
N~ “N(CHy),

H
What would be formed by prolonged boiling of Karbutilate with agqueous sodium hydroxide?

A B c D
O~Na* ONa* OCOzNa* OCO;Na*

- i ~NH, \/I: ~O-Na* \): ~O-Na* i “NH,
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28 What is the formula of the organic product obtained from the coupling reaction of
benzenediazonium chloride, C4HN,C, and the phenate ion, C;H,07?

29 Terylene is a condensation polymer.

What is the repeat unit of Terylene?

A CO—0—CH,—CH,—0—

B -—-CO@CO—O—CO@CO—O—

—o—<: :>—
D —o@-co—o—CH2—CH2—

30 The diagram shows the repeat unit for a synthetic rubber.
—~CH—CH,—CH,—CH=CH—CH,—

CeHs

What are the monomers for this polymer?

CHsCHg and CH,CH=CHCH,
C¢HsCH, and CH,=CHCH=CH,
CgHsCH=CH,, and CH,=CHCH=CH,
CHsCH=CH, and CH,CH=CHCH,

o O W
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Section B

For each of the questions in this section, one or more of the three numbered statements 1 to 3 may be
correct.

Decide whether each of the statements is or is not correct {you may find it helpful to put a tick against
the statements which you consider to be correct).

The responses A to D should be selected on the basis of

A B c D
1,2and 3 1and 2 2and3 1 only
are only are only are is

correct correct correct correct

No other combination of statements is used as a correct response.

31 The first ionisation energies of elements in the third Period are shown.

first
ionisation
energy

Na|Mg|AL|si|P [s JCt]Ar

0

Which factors explain why the value of the first ionisation energy of sulphur is lower than that of
phosphorus?

1 repulsion between the pair of 3p electrons
2 greater shielding by inner electrons

3 increase of principal quantum number

32 Which molecules are linear in shape?

1 BeCl, 2 Co, 3 CLO

92543 500
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33 The graph shows the Boltzmann distribution of. molecular speeds.

34

number of
molecules
with a

given speed

speed

Which statements are correct?

1 Raising the temperature always decreases the number of molecules with a given speed.
2 The area under the curve is proportional to the number of molecules present.

3 Raising the temperature moves the maximum of the curve to the right.
The use of chlorine as a disinfectant in swimming pools is now widely banned and the weak acid
trichloroisocyanuric acid is used instead.
trichloroisocyanuric acid + OH™ — C/O~ + cyanuric acid
The CiO™ ion is the effective disinfectant.
Why is it necessary to keep the pH of the water at 7.5?

1 The concentration of H* is too tow for the following reaction to occur:
2H*(aq} + CIO~(aq) + Ci-(aq) — H,O() + CL,(9)
2 The concentration of the CIO~ ion depends on the pH.

3 AtapH of 7.5, the concentration of the CIO~ ion is at a maximum.
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The responses A to D should be selected on the basis of

A B c D
1,2and 3 1and2 2and 3 1 oniy
are only are only are is

correct correct correct correct

No other combination of statements is used as a correct response.

35 Beryllium is the first member of Group Il and forms covalent compounds which are said to be
electron deficient. [n many ways, beryllium resembles aluminium.

Which of the following are possible?

1 BeFy

2 F F

3 /F\ /F
/Be\ /Be
E F

925413 800
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36 Which diagrams correctly show the trend in a property of the Group il elements Mg, Ca, Sr, Ba?

1 AH4 the enthalpy change AHypyqd
of hydration of M2*(g)
0 T T | |
Mg Ca Sr Ba
X
X
X
2 [, the first ionisation energy it
X
X
X
X
0 T l | I
Mg Ca Sr Ba
3 E*, the standard electrode et
potential of the M2*(aq)|M(s)
electrode
0 T | T T
Mg Ca Sr Ba
X
X
X

37 Which statements about carbon, silicon and their compounds are correct?

1 Silicon tetrachloride reacts more violently with water than does carbon tetrachloride.
2  Silicon(IV) oxide has a higher melting point than carbon dioxide.

3  Silicon exhibits more oxidation states than does carbon.
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The responses A to D should be selected on the basis of

A B C D
1,2and 3 1and2 2and 3 1 only
are only are only are is

carrect correct correct correct

No other combination of statements is used as a correct response.

38 Which amino acids have optical isomers?

1 CHZCHCO,H
NH,
2 HSCH,CHCO,H
NH,
NH,
3  CH, CO,H

39 Ethambutol has been used since 1960 as a drug for treating tuberculosis.

HOCH, CH,CHg
\CHNHCHZCHQNHCH/

CH,CH; CH,OH

Which reagents, under suitable conditions, could convert it into an organic compound containing a

halogen?

1  hydrogen bromide

2 alkaline agueous iodine
3 ethanoyl chloride

40 All of the following reagents react with ethanal, CH,CHO.

Which reagents give a product that retains the C—C= structure?

1 2,4-dinitrophenylhydrazine reagent
2 ethanolic hydrogen cyanide
3  lithium tetrahydridoaluminate(III), LiAIH,
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2
BIOCHEMISTRY

Not more than two questions to be answered from this section.

1 (a) (i) Draw a diagram showing three strands of a -pleated sheet structure of the protein the
formula of which is given below.

Copy the formula below writing it as a displayed formula. Leave space above and below
your drawing so that you can draw one strand above and the other below.

-CHRNHCOCHRNHCOCHRNHCO- ]
Indicate the hydrogen bonds between the strands by dotted lines.

(ii) What type of protein forms (-pleated sheets?

(ili) Suggest how the R groups are directed in a (3-pleated sheet.
(6]

(b) The folding of polypeptide chains is due to the interactions of the R groups. Suggest simple
examples of four different types of R group interactions, illustrating each one with a suitable
formula of the R group concerned. [4]

2 (a) Describe the structure and function of haemogiobin. (4]

(b) The absorption of oxygen by haemoglobin is given in the following graph.

A
4 -
moles of
oxygen per 5
mole of 7
haemoglobin
0 T T T ol |
0 20 40 60

oxygen pressure/arbitrary units

(i) Suggest an explanation for the shape of the curve.

(i) The graph has a similar shape to that obtained from the kinetics of enzyme catalysed
reactions. What would be an approximate vatue of the corresponding Michaelis constant,
K., for the oxygen/haemoglobin reaction?

(iii) How does the variable on the vertical axis of this graph differ from that in an enzyme
catalysed reaction?

[6]
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3 (a) Describe the structure of a section of DNA. [6]
(b) Explain why the backbone of DNA is hydrophilic. [2]

(¢} (i) What functional group forms the bond between the two units of the backbone of DNA?

(i) Explain why this group is susceptible to hydrolysis.
(2]
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ENVIRONMENTAL CHEMISTRY
Not more than two guestions to be answered from this section.

4 (a) The ozone layer in the stratosphere offers a vital protection to life on the Earth's surface. It is
maintained by the equilibrium that exists between ozone and oxygen.

(i) Explain, in detail, how the equilibrium between ozone and oxygen is maintained.
(i) What effect does the ozone layer have on the sunlight passing through it?

(iii) What type of chemical reaction at the Earth's surface would be inhibited by the presence |

of the ozone layer?
[6]

(b) The ozone layer is being damaged by the presence of nitrogen monoxide in the stratosphere.

(i) Give one example of the production of nitrogen monoxide through human activity.

(ii) Explain, giving appropriate equations, how nitrogen monoxide molecules are involved in

the destruction of ozone.
(4]

5 (a) Aluminium is widely distributed in the Earth’s crust. It is commonly involved as a component
of the structure of silicate clays forming aluminium oxide (gibbsite) layers. Aluminium ions
may also be found within the silicate layers.

(i) Describe how the gibbsite layer is involved in the structure of a 2:1 clay such as
montmorillonite.

(ii} Explain how the presence of aluminium ions within the silicate layer gives the clay a
cation exchange capacity.

(iii) Why is a cation exchange capacity important for effective plant growth?

[5]

(b} The presence of aluminium ions in the soil solution enhances acidity and causes lead ions to
become more mobite.

(i) Using equations, explain how aluminium ions enhance acidity.

(ii) Briefly explain why increased acidity causes lead ions to become more mobile.
: (5]

L

L]
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5
6 (a) Typically the air contains 0.035% by volume of carbon dioxide. For the following equilibrium,
CO, (9) = CO,(aq)
the equilibrium constant (Henry's Law constant), K, = 3.3x 10~% mol dm~3kPa™".

Use these figures to calculate the solubility of carbon dioxide in water at a pressure of
101.3 kPa. [3]

(b) Dissolved carbon dioxide reacts with water to produce both hydrogencarbonate and
carbonate ions. '

(i) Write an expression for the equilibrium constant for the followihg reaction.

HCO, (aq) = CO4%(aq) + H*(aq)

(i) At room temperature this equilibrium constant has a value of 4.7x 10~ mol dm=2. A
sample of water is found to contain a concentration of hydrogencarbonate ions which is
ten times greater than the concentration of carbonate ions.

Calculate the pH of this water.

(iif)  Another sample of water containing hydrogencarbonate and carbonate ions has a pH of
8.3. Use this pH and your answer to (li) above to estimate the ratio of hydrogencarbonate
to carbonate ions present.

(iv) In practice, most waters also contain decaying organic matter. Explain how this will affect
the pH.
(7]
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(b)

(c)

(d)

(a)

(b)

(@)

(b)

6
FOOD CHEMISTRY

Not more than two guestions to be answered from this section.

The fatty component of milk is present in the form of an emulsion of droplets dispersed in
water.

Write the structural formula of a fat molecule that might be present in milk. State the reason
why you chose the fatty acid involved. [2]

What structural features of a molecule allow it to act as an emuisifying agent? Expiain how an
emulsifying agent works. Suggest a natural emulsifier that could be present in milk. (4]

Dairy products are sources of vitamin A and of minerals.

(i) With which component of milk is vitamin A associated?
{(ii)} Name or describe a deficiency disorder caused by a lack of vitamin A in the diet.
— [2]

Discuss the role of vitamin D in human diet. (2]

(i) Explain the chemical classification of sucrose (cane sugar), which is also an ingredient
of most jams.

(i} In jam making, sucrose is boiled with fruit. The acids present in the fruit produce a
mixture called ‘invert sugar. Use a word equation to help explain this reaction and

suggest the meaning of the word invert in this contexi.
(4]

() Jams are colloidal systems. Explain the nature of the colloidal systems in jams.

(if) Explain why boiling in an open pan is necessary in jam making and why over-boiling may
not help the jam to set.
(6]

(i) Describe the degradation of food by micro-organisms.

(ii) State the effect of each form of spoilage on the food.
[6]

(1) Explain how vinegar is produced and write an equation for the general reaction involved.

(iiy Wines are often distilled to produce spirits. Suggest reasons why vinegar is not distilled
to make a more concentrated product.
(4]
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PHASE EQUILIBRIA

Not more than two questions to be answered from this section.

10 Many countries are celebrating the millennium by issuing a commemorative coin for everyday use
made of two different coloured alloys, like the one shown in the diagram.

The gold-coloured outer circle of the coin could be made from the traditional cupronickel alloy and
the inner circle from a copper/nickel/zinc alloy, which is silver coloured.

There is a raised join between the two parts of the coin.

The m.p. of Niis 1450 °C and that of Cu is 1080 °C.

(a) The melting point curve of cupronickel is the straight line joining the melting points of the two
components. Make a sketch (graph paper is not necessary) of the m.p./composition diagram,
labelling the axes and the areas of the sketch. 2]

(b) Itis claimed that such a coin has advantages over traditional coins both for

(i) security,
(ii) the disabled.

Suggest what these advantages might be. [2]

(c) Aluminium and copper have a different type of m.p./composition diagram as a eutectic of m.p.
535 °C is formed at 67% copper by mass.

Make a sketch of the m.p./composition diagram, labelling the axes and the areas of the
sketch. The m.p. of Alis 660°C. {3]

(d) (i) Use the atomic radii from the Data Booklet to suggest why Cu and Ni do not form a
eutectic, but Cu and Al do.

(ii) Suggest also how the solid alloys Cu/Ni and Cu/Al might differ in their appearance under
a microscope. [3]
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11 (a)

(b)

(c)

12 (a)

(b)

8

What is meant by the melting point and by the boiling point of a substance? [2]
Sketch the phase diagram of water, including its melting point and its boiling point. Label the
areas and explain any atypical behaviour shown by water. , [4]
Rivers often freeze in very cold weather but the seas into which the rivers flow stay unfrozen.
Suggest reasons for this observation and illustrate this on your phase diagram. {4]
Describe simply and explain the method of gas/liquid chromatography (GLC). (3]
A 1:1:1:1 mixture of ethanol, propan-1-ol, butan-1-ol and hexan-1-ol was injected into a GLC.

The chromatogram below was obtained. The conditions of the run are stated below the
diagram.,

1 1 ethanol
2 2 propan-1-oi
3 3 butan-1-ol
4 hexan-1-ol
4
I T T L) LI I T L] T T _I
0 5 10
retention
time/min

The temperature of the oven is 100°C.

The carrier gas is nitrogen flowing at a rate of 30 cm?® min™'.

The stationary phase is carbowax.

The column is 2.0 m long and has an effective cross-section of 6 mm2.
(i) Calculate how long the nitrogen takes to pass through the column.

(i) Estimate the volume of nitrogen that passes through the column to carry the ethanol
fraction.

(iif) Explain why the temperature of the oven (100 °C) does not have to be higher than the
boiling points of all the alcohols.

(iv) Explain why the carbowax is likely to be hydrophobic (nen-polar).

(v) Explain the relative heights and shapes of the peaks in the chromatogram.
[7]
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SPECTROSCOPY

Not more than two questions to be answered from this section.

13 (a) Outline two methods of preparing a sample of a solid compound in order to obtain an infra-
red spectrum. [6]

(b) The two spectra shown were obtained from isomeric compounds J and K with the formula
C_H,0.

absorbaIce /V‘m ﬂ

h
T T J T T | T T T 1
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600

wavenumber/cm ! —m

absorbaice W ﬁ (Y‘

T T T T T T T T 1 T |
4000 3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600

wavenumber/cm-! —m

Deduce possible structures for compounds J and K, explaining in detait how you arrived at
YOur answers. [4]
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14 The use of banned substances to enhance performance continues to be a problem in athletic
competition. One of the groups of banned substances is ‘anabolic steroids’ which are closely
related to natural hormones found in the body. The structures of one of these anabolic steroids,
Nandrolone, and the related hormone, testosterone, are shown.

Nandrolone - testosterone

(a) Indicate which structural features of Nandrolone compared to testosterone could be used to
distinguish the two compounds with the following spectroscopic techniques.

(i) infra-red spectroscopy
(ii) ultraviolet spectroscopy
(iii) n.m.r. spectroscopy

[5]

(b) The red colour of poppies, and the blue colour of cornflowers are both caused by the same
molecule, cyanidin. In poppies the sap is acidic, whilst in cornflowers the sap is alkaline.

OH O
+
HO O HO O
A OH O == o-
Z CH == OH
CH OH
red form in acid blue form in alkali

(i) Explain what structural features of this substance cause it to absorb energy in the visible
region of the spectrum. '

(ii) How does the addition of acid cause the structure to absorb in a different region of the
spectrum?

[5]
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15 (a) The mass spectra below were obtained from the two isomers of C,H,,0 shown.

CH,4
f
CH; —C—CH,OH CH4CH,OCH,CH,
| .
H
P Q
Spectrum 1
Relative
abundance
||..|| I“ Al | | ’ 1 ‘
USRI JMRLRLE BRI LI ILALELEL TURLL L B LI LRI I
10 30 50 70 20
m/e
Spectrum II m/e relative
abundance
. 74 9.60
Relative 75  0.43
abundance
:“ TN ..|| I 11 |
ML UL L IR I I I ILRL LR LI LI
10 30 50 70 90
m/e

Identify which compound produced' which mass spectrum, giving three pieces of evidence
you have used to decide. [4]

(b) Use the M and M+1 peaks to confirm that there are four carbon atoms in the compound
shown in spectrum I1. [2]

{c) inthe hydrolysis of an ester, the reaction could occur with the breaking of one of two bonds in

the molecule.
/o bonds which
_ 7 could break
T
O—R
Explain how mass spectrometry could identify which bond breaks. (4]
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TRANSITION ELEMENTS

Not more than two questions to be answered from this section.

16 (a) Paramagnetism is the property of being attracted to a magnetic field. Explain why some
transition metal complexes are paramagnetic, whilst others are not. 2]

(b} Explain the chemical and magnetic behaviour illustrated in the following reactions. ,

A blue solution of a vanadium salt is paramagnetic. When a portion of the solution containing
0.01 mol of vanadium is reacted exactly with an acidified solution containing 0.002 mol of
KMnO,, the paramagnetism decreases to zero.

When another 0.01 mol of the vanadium salt is reduced by 0.005 mol of Sn2*(aq), the
paramagnetism of the resulting solution increases.
() What is the oxidation state of the vanadium in the blue solution?

(i) Use the Data Booklet to deduce the final oxidation states of the vanadium in the two
solutions, and write balanced equations for the two reactions.

(iii) Suggest the colours of the final solutions, and explain why the paramagnetism changes

in each case.
(8]

17 (a) The element iron or its compounds can act as a heterogeneous catalyst or a homogeneous
catalyst.
(i) Explain the terms in italics.
(ii) Give an example of iron acting in each of these catalytic roles, writing equations for the
reactions and explaining for each one how iron acts as a catalyst.
[7]

(b) Make use of the Dala Booklet to explain the following observations.

Although acidic solutions of iron(II) salts are only slowly oxidised by air, the precipitate that is
obtained on adding NaOH(ag) to a solution of an iron(Il) salt rapidly turns brown on the

surface. (3]
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18 (a) Copper(l) sulphate, Cu,50,, can be made from copper(l) oxide under non-aqueous
conditions. On adding this salt to water, it immediately undergoes a disproportionation
reaction.

(i) Suggest, with a reason, the colour of copper(I) suiphate.

(i} Using suitable data from the Data Booklet explain why the disproportionation reaction
occurs, and write an equation for it.

[5]

(b} One method of determining the percentage of copper in a copper-containing ore is to dissolve
the copper salts in an excess of dilute sulphuric acid, add an excess of potassium iodide, and
titrate the iodine formed with sodium thiosulphate solution.

todine and sodium thiosulphate react in the ratio 1,:Na, 5,0, = 1:2

(i) Describe what you would observe when the potassium iodide is added to the sulphuric
acid solution of copper salts. Write an ionic equation for the reaction.

(ii) When a 2.0g sample of an ore was subjected to the above treatment, it was found that
15.8cm? of 0.100 mol dm™ thiosulphate was needed to react with the iodine produced.
Use the ratio above and your equation in (i} to calculate the number of moles, and hence
the percentage by mass, of copper in the sample.
[5]
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1 The purpose of this experiment is to investigate the reaction between chromate(V1) ions and
iodide ions.

FA 1 is a 0.0500 mol dm™3 potassium chromate(VI), K,CrO,.

FA 2 is a solution containing 37.23 gdm™ of sodium thiosulphate-5-water, Na,5,0,.5H,0.

Other solutions to be used in the question:

Potassium iodide, KI. 10% solution
1 mol dm sulphuric acid
Starch indicator

Pipette 25.0cm3 of FA 1 into a conical flask.
Using the measuring cylinder provided add to the flask 10¢m® of 10% agueous potassium
iodide and 10 ¢cm? of bench 1 moldm~2 sulphuric acid.

Titrate the iodine liberated with FA 2, aqueous sodium thiosulphate, until the red-brown
colour of the iodine has disappeared and a faint yellow colour remains.

Add a few drops of starch indicator and continue the titrations until the blue-black colour of
the starch-iodine complex just disappears to leave a blue/green solution.

Repeét the titration as many times as you think necessary to obtain accurate results.
Make certain that the recorded results show the accuracy of your practical work.

Titration of FA 1 with FA 2

Final burette reading / cm®

Initiat burette reading / cm®

Volume of FA 2 used / cm?®

[15]

Summary
The iodine liberated by 25.0cm? of FA 1 required ............... cm? of FA 2.

Show which results you used to obtain this value of the volume of FA 2 by placing a tick {(v') under
the readings used.

Thiosulphate ions and aqueous iodine react according to the following half-equations:
28,0,27(aq) - S,0,°(aq) + 26

I(ag) + 26 — 21 (aq)

9254/5 300
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Examiner’s
Use
You are advised to show full working in all parts of the calculations.

(a) Calculate the concentration, in mol dm~3, of FA 2.
[A: Na, 23.0; S, 32.1; O, 16.0; H, 1.0.]

(2]

(b) Calculate how many moles of sodium thiosulphate were run from the burette into the
conical flask.

(1]

(c) Calculate how many moies of iodine reacted with the sodium thiosulphate run from the
burette.

[1]

(d) Calculate how many moles of chromate(VI) ion, CrO,2-, were present in a 25.0 cm?3
pipette volume of FA 1.

[1]
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(e) Calculate how many moles of potassium iodide are oxidised by one mole of potassium
chromate(VI). ' :

(3]

(f) The solution at the end-point is blue/green. What ion of chromium is present to give this
colour?

(g) Use the information in (e) and (f) to write a balanced ionic equation for the reaction

between chromate(VI) ions, Cr042‘, and iodide ions, I, in the presence of an acid, H*,

[Total : 25]
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5 For
Examiner’s
. . Use
FA 3 is magnesium powder, Mg.
FA 4 is 2.0moldm™ hydrochloric acid, HCL
You are required to determine the temperature and enthalpy changes for the following
reaction.
Ma(s) + 2HCl(aq) — MgCL(aq) + H,(g)
(a) Accurately weigh, to two decimal places, an empty weighing bottle. Place between
0.559 and 0.65g of FA 3, magnesium powder, into the weighing bottle. Record your
weighings in Table 2.1 below. If your balance has a Tare facility, do not use it.
Table 2.1 — Weighing of FA 3
Mass of empty weighing bottle g
Mass of weighing bottle + FA 3 /g9
Mass of weighing weighing bottle + residual FA3 /g
Mass of FA 3 placed in plastic cup /g
(3]
(b} (i) Pipette 50.0cm3 of FA 4, 2.0moldm~3 hydrochloric acid, into a plastic cup. Stir
gently with the thermometer and take the temperature of the solution every half
minute for 22 minutes. Record your readings in Table 2.2. on page 6.
At exactly 3 minutes, add the FA 3 from the weighing bottle to the plastic cup.
Do not try to read the temperature at 3 minutes.
Stir the mixture thoroughly, and continue to record the temperature every half minute from
3% minutes to 10 minutes. [6]
(b) (ii)}) Reweigh the weighing bottle and any residual magnesium powder and record the
mass in Table 2.1 above.
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Table 2.2 - Temperature readings

Time/min Temperature/°C Time/min Temperature /°C
0 51
z 6
1 63
12 7
2 73
23 8
3 81
33 9
4 ot
43 10
5

Temperature change =

9254/5 800

{c) Piot a graph of temperature against time on the grid opposite.

Extrapolated temperature = ........cccocvrvvverrennne °C

Use this value to obtain the highest temperature change produced by the reaction.

(5]

(d) By careful extrapolation of your graph, estimate the temperature of the mixture at
3 minutes.
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(e) Calculate how many moles of magnesium were added to the plastic cup.

[A; Mg, 24.3.]

[1]

(f) Calculate the heat energy produced when the magnesium is added to the excess acid
in the plastic cup.

[You may assume that 4.30 J are required 1o raise the temperature of 1.00cm? of any
dilute aqueous solution by 1.00°C.]

(1]
(g) Calcuiate the molar enthalpy change, AH, for the reaction.
Ma(s) + 2HClaq) — MgCl,(aq) + H,(q)

Include three significant figures, the correct sign and appropriate units in your answer.

AH = oot 2]
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Evaluation of the Experiment

(h) Suggest the major sources of error in determining the enthalpy change for this reaction.
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(i) Suggest changes that could be made to the experimental technigque to improve
accuracy.
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[Total : 25]

For
Examiners
Use

||l O|T|

[(w]

9254/5 500 [Turn over



10
3 You are provided with FA 5 in a stoppered tube and FA 6 which is a concentrated solution of
FA 5 in water. '
FAS5 is a mixture of two solids and contains one cation and one anion from the following
list: (NH,*, Mg+, AL+, Ca2+, Cr3+, Mn2+, Fe?*, Fedt, Cu?t, Pb2, Zn?+, Ba?*; CO,%", NO,~,
NO,~, SO,2-, 80,2, CL, Br-, I, CrO,2). and a second anion. You will be asked to make
observations and general comments about this second anion but not to give its identity.
In all tests, the reagent should be added gradually until no further change is observed, with
shaking after each addition.
Record your observations and the deductions you make from them in the spaces provided.
Your answers should include
() details of colour changes and precipitates formed;
(i) the names of gases evolved and details of the test used to identify each one.
You should indicate clearly at what stage in a test a change occurs, writing any deductions
you make alongside the observations on which they are based. ‘
Marks will not be given for chemical equations.
No additional or confirmatory tests for ions present should be attempted.
Candidates are reminded that definite deductions may be made from
tests with negative resuits.
Test Observations (8] Deductions [5]
Testson FA 6
(a) To 2cm depth of
FA 6 in a test-tube
add an equal depth
of dilute
hydrochloric acid,
then add aqueous
barium chloride.
(b) To 2cm depth of
FA 6 in a test-tube
add a small
guantity of aqueous
silver nitrate,
then add dilute,
agueous ammonia
until in excess.
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Test Observations Deductions

(¢) To2cm depth of
FA 6 in a test-tube
add agueous
sodium hydroxide.

(d) To 2cm depth of
FA 6 in a test-tube
add dilute, aqueous
ammonia.

{e) To 2cm depth of
FA 6 in a test-tube
add aqueous
iron(III) chloride.

Testson FA 5

(f) Add dilute sulphuric
acid to solid FA 5 in
a boiling tube and
warm gently.

Test the vapour
evolved with litmus
paper.

(g) Addsolid FA5 to
2cm depth of
ethanol in a boiling
tube. Add 2 or 3
drops of
concentrated
sulphuric acid.

Carefully warm the
mixture unti{ it boils
and continue to boil
gently for about 1
minute. Then pour
the contenis into
the 100 cm3 beaker
labelled aqueous
sodium carbonate.

Summary

Identify the cation and the anion presentin FAS5and FA6 .................. and ........ooeenn. (1]
Comment on the nature of the second anion present in the mixture.

........................ e R R e sn s snensna s essssnnesenmnssne e eeeree o]
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Assessment of Planning Skills 7 vse

() Five aqueous solutions are provided, FA 7, FA 8, FA 9, FA 10, and FA 11.
Each solution contains one of the following:

atuminium sulphate, barium chloride, magnesium sulphate,
sodium hydroxide, zinc nitrate.

The solution names and FA codes are not in the same order.

You are provided with a solution of potassium chromate(VI), to be
used for experiment 1 below.

Using the information on Pages 14 and 15, plan a series of test-tube experiments using only
the five solutions FA 7 to FA11 and aqueous potassium chromate(VI), in order to deduce
which compound is present in each of the FA solutions.

You should commence your plan by adding potassium chromate(VI) to each of the solutions
FA 7 to FA 11. Record your expected resuits in the first empty box.

Your completed plan should be set out in the table below and refer only to named
compounds (not to FA codes).

Use of any form of indicator or additional reagent will be penalised.

Experiment Expected Observation with each solution tested
and Deductions from these Observations.

1 Add potassium
chromate(VI) to
separate sampies of
the five solutions.

(=)
dla|l0lT| o

[5]
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(if) Carry out your plan and record your observations below.

The observations recorded in the table must match the numbered experiments in
your Completed plan on page 12.

Record the identity of each solution as soon as it is established.

Expt Observations Identity of solution or solutions

1 FA is

(5]
[Total : 25]
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QUALITATIVE ANALYSIS NOTES

[Key: ppt. = precipitate.]

1 Reactions of aqueous cations

reaction with

NaOH(aq) NH,(aqg)
aluminium, white ppt. white ppt.
Al**(aq) soluble in excess insoluble in excess
ammonium, ammonia produced on heating
NH,*(aq)
barium, no ppt. (if reagents are pure} no ppt.
Ba2*(aq)
calcium, white ppt. with high [Ca?* (aq)] no ppt.
Ca®*(aq)
chromium(III), grey-green ppt. soluble in excess grey-green ppt.
Crit(aq) giving dark green solution insoluble in excess
copper(II), pale blue ppt. blue ppt. soluble in excess
Cu?*(aq) insoluble in excess giving dark biue solution
iron(II), green ppt. green ppt.
FeZ*(aq) insoluble in excess insoluble in excess
iron(III), red-brown ppt. red-brown ppt.
Fe3+(aq) insoluble in excess insoluble in excess
lead(I), white ppt. white ppt.
Pb2*(aq) soluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
manganese(il}, off-white ppt. off-white ppt.
Mn2+(aq) insoluble in excess insoluble in excess
zing, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess

[Lead(1]) ions can be distinguished from aluminium ions by the insolubility of lead (1} chloride.]
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2 Reactions of anions

ion reaction
carbonate, CO, liberated by dilute acids
CO,>
chromate(VI), yellow solution turns orange with H*(aq);
Cr0,2(aq) gives yellow ppt. with Ba2+(aq);
gives bright yellow ppt. with Pb?*(aq)
chloride, gives white ppt. with Ag*(aq) (soluble in NH,(aq));
Cl(aq) gives white ppt. with Pb?*(aq)
bromide, gives cream ppt. with Ag*(aq) (partially soluble in NH,(aq));
Br(aq) gives white ppt. with Pb2+(aq)
lodide, gives yeliow ppt. with Ag*(aq) (insoluble in NH4(aq));
I(aq) gives yellow ppt. with Pb?*(aq)
nitrate, NH, liberated on heating with OH~(aq) and Al foil
NO;~(aq)
nitrite, NH; liberated on heating with OH™(aq) and Al foll,
NO,(aq) NO liberated by dilute acids
{colourless NO - (pale) brown NO, in air)
sulphate, gives white ppt. with Ba2+(aq) or with Pb2*(aq) (insoluble in excess dilute
$0,2(aq) strong acid)
sulphite, S0, liberated with dilute acids;
S0,2(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acid)

3 Tests for gases

gas

lest and test result

ammonia, NH,

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater
(ppt. dissolves with excess CO,)

chlorine, Cl,

bleaches damp litmus paper

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

sulphur dioxide, SO,

turns potassium dichromate(VI) (aq) from orange to green
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